Radiation hybrid mapping can be used to construct longrange genomic maps using both polymorphic and non-polymorphic markers. A radiation hybrid is generated by irradiating the donor cells with X-rays to fragment the chromosomes and then fusing them with rodent cells. The resulting hybrid has zero or more fragments from each chromosome; the actual number, size and order are not known. A whole-genome radiation panel has N hybrids, where N is generally between 80 and 100. Each hybrid is typed with a set of markers, resulting in a score of positive, negative or ambiguous. A vector of N scores is associated with each marker. The order and distance between markers are estimated by the similarity of their vectors.
Radiation hybrid mapping can be used to construct longrange genomic maps using both polymorphic and non-polymorphic markers. A radiation hybrid is generated by irradiating the donor cells with X-rays to fragment the chromosomes and then fusing them with rodent cells. The resulting hybrid has zero or more fragments from each chromosome; the actual number, size and order are not known. A whole-genome radiation panel has N hybrids, where N is generally between 80 and 100. Each hybrid is typed with a set of markers, resulting in a score of positive, negative or ambiguous. A vector of N scores is associated with each marker. The order and distance between markers are estimated by the similarity of their vectors. A framework is a set of well-ordered markers, usually with odds of 1000:1 over any other permutations of the markers. The remaining markers are binned between the framework intervals, resulting in a placement map. The resolution of the map depends on the amount of X-rays used, e.g. 3000 rads gives an estimated 1 Mbyte resolution, whereas 10 000 rads gives an estimated 250 kb resolution (Schuler et al., 1996) .
The RHMAPPER package (Stein et al., 1995; Slonim et al., 1997) was written for large-scale radiation hybrid mapping. It provides functions to build a framework and then place additional markers onto the framework, resulting in a placement map. It is written in Perl and was easily extendable so that we could add functions to accommodate the high marker density of our maps. The additional routines are prefixed by 'Z' and, hence, referred to as the Z extensions.
If two or more markers have the same vector, they can be treated as a totally linked group. Ambiguous data are ignored. One marker is picked as the canonical marker to represent the group and it is the only one mapped, the rest are considered buried since they inherit the position of the canonical marker. For example, from the chromosome 20 map, 470 out of 1332 markers could be buried. The Z extensions provide routines to compute the totally linked markers, and to use them appropriately in the framework and placement routines. There are a variety of utility routines to print totals, print the map with totally linked markers, take a set of markers and their vectors and test them against the canonical markers in one or more databases, etc.
The graphical tools require the installation of TKperl. The Zquery tool (see Figure 1a) provides ease of querying the database and produces output tailored by the user. The columns of output can be arranged in any order, subsets of the markers can be listed, and various computed values can be output along with database fields. Most of the computed fields are calculated directly by RHMAPPER routines. Some additional calculated fields are the accumulative centiRays, the two-point LOD score from RHMAP (Boehnke et al., 1991; Lange et al., 1995) and the retention frequency. The Zdisplay (see Figure 1b) plots the retention frequency for a set of markers. Alternatively, it plots the totally linked markers. The user can zoom in and display the marker names. Either comprehensive or placement maps can be displayed.
At the Sanger Centre, we have used the RHMAPPER-1.1 package with the Z-extensions to assemble radiation hybrid marker data for two major objectives: (i) sequence ready maps and (ii) the 1998 gene map. For the sequence ready maps (Soderlund et al., 1998) , we generated and analysed data for over 8000 markers specific for chromosomes 1, 6 and 20 by radiation hybrid mapping. All assays were performed on the Genebridge4 radiation hybrid panel (Gyapay et al., 1996) . For the 1998 gene map (P.Deloukas et al., in preparation), we analysed the radiation hybrid scores that the members of the Radiation Mapping Consortium generated by assaying EST-based markers on Genebridge4. A different panel, Stanford G3 (Stewart et al., 1997) , was used for the same purpose in the laboratory of Dr Cox at the Stanford Genome Center. In total, over 30 000 genes have been assembled as a follow-up from the 1996 gene map (Schuler et al., 1996) . 
